Abstract: The aim of this study is to optimize in vitro multiplication of Coffea arabica cvs 'Benan',' Burai',' Odayni' and 'Odayni-Bayat'. Seeds germinated on modified quarter MS medium with 1.0 g l −1 activated charcoal gave the highest germination percentage of the four cultivars under study. BA at 8.0 mgl -1 was the most effective concentration with an average of 14 shoots per explant, resulting in better and morphologically superior microshoots in 'Benan' cv. However 'Burai' ,'Odayni' and 'Odayni-Bayat' cultivars, showed the highest number of shoots when they were grown on MS medium supplemented with BA at 4.0, 2.0 and 6.0 mgl -1 respectively. Root formation was 100% in response to the application of IAA, IBA and /or NAA to the culture media for the four cultivars. Half MS supplemented with NAA at 2.0, 1.0 and 3.0 mgl -1 was found to be a suitable medium for root induction in excised micro-shoots, of 'Odayni', 'Burai' and 'Odayni-Bayat' cultivars, respectively. The plantlets were successfully acclimatized in the greenhouse; consequently the survived plants reached 100%.
INTRODUCTION
Coffee belongs to the family Rubiacea. The genus Coffee includes at least 64 species grouped into four sections (Carvalho and Monaco, 1969) . Commercially, only two out of more than 100 coffee species are cultivated, the C. arabica (Arabica) and C. canephora (Robusta) (Pierson et al., 1983; Juma et al., 1994; Carneiro, 1997) . The most important species is C. arabica. In Yemen, there are many coffee cultivars and they are named according to their place of origin (Robinson and Brian, 1993) . There are many countries which depend in their economy on the coffee exportation (Juma et al., 1994) . Quality beverage is produced from C. arabica which is cultivated at higher altitudes. This species represent 70% of the commercial coffee of the world and about 99% of Latin American production.
Traditionally the propagation of this species is made through cuttings and seeds, both of these methods of propagation have disadvantages and limitations in production of clones in large number (Ismail et al., 2003) . Seed propagation involves different problems such as, low germination rate, slow initial growth and short life span while vegetative cuttings guarantees uniformity seeds (Monaco et al., 1995; Ismail et al., 2003) .
In vitro cultivation has relevance in the clonal propagation of valuable or endangered plant germplasm, and in the production of transgenic plants (Johnson and Emino, 1979; Smith et al., 1991; Frederic et al., 2007) . To date, micropropagation techniques are employed to produce a large number of new and true-to-type plants in a relatively short period. It has already proved to be successful for several members of the Rubiacea family (Pierson et al., 1983; Carneiro and Ribeiro, 1989; Haidar, 1993; Ismail et al., 2003; Ebrahim et al., 2007; Almeasary, 2008) . However, genotypic difference in shoot forming capacity in relation to the cytokinin level in the medium is not well documented.
The main aim of the present study is to find an efficient and simple method of in vitro clonal propagation using shoot tip explant for producing large numbers of Yemeni coffee cultivars,Coffea arabica cvs 'Benan', 'Burai', 'Odayni' and 'Odayni-Bayat'.
MATERIALS AND METHODS
Plant material and seed germination Seeds: Healthy 12 years old coffee (C. arabica) trees grown in Yemen Republic were used as a source for seeds. Fruits of the four, Coffea arabica cvs 'Benan', 'Burai', 'Odayni' and 'Odayni-Bayat' were harvested in October, 2013. Seeds were obtained from mature and ripen fruits. The fruit crusts were separated from the pulp and seeds were washed with running water to remove the article horny. Seeds were then air dried under shade until having approximately 13% moisture content, which is suitable for storage.
The experiments were conducted on March 1 st 2014 until May1 st 2015 at the Tissue Culture Lab, Department of Horticulture, Faculty of Agriculture, Suez Canal University, Ismailia -Egypt. The Coffea arabica cvs 'Benan', 'Burai', 'Odayni' and 'Odayni-Bayat' were used in this study.
Surface sterilization
Seeds were soaked in sterilized tap water for 24 hours, surface sterilization went through rinsing seeds with 70% ethanol solution for 30 s, and then were rinsed in 20% (v/v) sodium hypochlorite solution for 25 min. The seeds were then washed three times with sterile tap water under laminar air-flow hood to remove all the traces of sodium hypochlorite.
Sterilized seeds were cultured into 40 ml capacity jars containing 10 ml quarter strength MS (Murashige and Skoog, 1962) basic salts and vitamins, supplemented with 20% (w/v) sucrose, 7 gl -1 agar, 1.0 gl -1 charcoal and the pH was adjusted to be 5.7 before autoclaving at 121°C and 1.2-1.3 kg/cm 2 pressure for 20 min. One hundred seeds were cultured, one seed per jar. The cultures were incubated under growth room conditions (22 ± 2°C, at dark). After germination, the seedlings were transferred into 16 h photoperiod with a light intensity of 4000 lux provided by florescent lamps (Phillips TLM 40W/33RS). The rate of germination was determined after 8 weeks from seed culture.
Effects of BA on shoot induction
After 12 weeks of seedling growth, shoot tips with the height of (0.5 cm) from in vitro culture explants were cultured onto 200 ml capacity jars containing 40 ml MS medium supplemented with 3% (w/v) sucrose, ). Medium was adjusted to pH 5·7 prior to autoclaving at 121°C and 1.2-1.3 kg/cm 3 pressure for 20 min. Every jar contained one explant and each treatment had ten replicates. The cultures were grown for three months before data recording based on number of shoots, plant height, number of leaves/shoot clump as well as the culture fresh weight.
Rooting of shoots
For rooting, six-months-old in vitro shoots (0.5-1.0 cm in length) were excised and transferred to 200 ml capacity jars containing 40 ml half strength MS medium supplemented with 15 gl -1 sucrose, 7.0 gl -1 agar and different concentrations of indole 3-acetic acid (IAA), Indolebuteric acid (IBA) or NAA (0.0, 0.5, 1.0, 2.0 and 3.0 mgl -1 ) each. The cultures were placed under the same previously mentioned growth room conditions for root formation. After 8 weeks of culture, data were recorded based on the number of roots, root length, plant fresh weight and plant height.
Acclimatization of plantlets
The rooted shoots were carefully removed from the culture jars, then washed with running tap water to remove residual agar around the roots. Followed by washing with fungicide (Rizolex 1%) to reduce the fungal contamination. The plantlets were transferred to a greenhouse for acclimation in plastic tray (209 cells) containing with a moist mixture of (1:1) sand and peat moss, then, maintained inside a plant growth chamber and irrigated with a fine mist of water for 3 weeks. The percentage of survived plants was determined after 4 weeks.
Statistical analysis
Experiments were set up in completely randomized design. Data were statistically analyzed using ANOVA\MANOVA of Statistica 6 software (Statsoft, 2001) . The significance of differences among means was carried out using the Least Significant Test (L.S.D) at = p 0.05.
RESULTS AND DISCUSSION

In vitro germination:
Data in Figs. (1 and 2) showed that using quarter MS medium with and without activated charcoal was able to induce germination in coffee seeds for the four cultivars. Modified quarter MS medium with 1.0 g l −1 activated charcoal gave the highest germination percentage (85-87%) as compared to 70 -75% without charcoal. of the four cultivars under study. The choice of medium that affect the germination, as has been reported for coffee plant and other species (Chen et al., 2015; Ebrahim et al., 2007) .
3-2. Shoot multiplication
Explants were directly capable of developing multiple shoots on MS basal medium containing different concentrations of BA. Data in Table ( ) gave the highest number of shoots, shoot length, number of leaves and fresh weight of shoot per explant (14.6, 2.64, 127.2 and 0.92), respectively, compared to control in case of Coffea arabica cv 'Benan' cultivar (Table 1 and Fig. 2 D) . BA at 2.0, 4.0 and 6.0 mgl -1 increased multiplication parameters significantly as compared to other BA concentrations in the case of Coffea arabica cvs 'Odayni', 'Burai' and 'Odayni-Bayat' respectively, with increment of BA concentration, the number of shoot per explant decreased in the three cultivars (Table 1) . From this experiment, it was evident that best clump fresh weigh was obtained from MS medium amended with BA (2.0, 4.0 and 8.0 mgl -1 ) which produced 0.56, 0.64 and 0.57 g fresh weight of shoots/explant from Coffea arabica cvs 'Odayni', 'Burai' and 'Odayni-Bayat', respectively. The positive effect of BA on the potential to induce plant regeneration in coffee plants has been reported previously by (Kahia and Owuor, 1990; Haidar, 1993; Ebrahim et al., 2007; Almeasary, 2008) who used BA in combination with different concentrations of auxin to induce in vitro multiplication in other coffee species. Comparing the present results of this species with the previous studies, it was seen that each species needs appropriate culture medium, with appropriate concentration of growth regulator.
Root formation
Data presented in Table ( 2) show the effect of IAA, IBA and/or NAA on the in vitro rooting of proliferated shoots of the four Coffea arabica cvs 'Benan', 'Burai', 'Odayni' and 'Odayni-Bayat.'. Root formation was different according to cultivars in response to the application of IAA, IBA and/or NAA to the culture media. The MS basic medium without IAA, IBA and/or NAA also revealed root formation. MS medium supplemented with the three kinds of auxins induced callus on the rooting stage in all the studied cultivars except at the tested concentrations of IBA and IAA in the case of Coffea arabica cv 'Odayni' (Fig. 2  E) . The MS medium with NAA (2.0, 1.0 and 3.0 mgl-1) provides the highest number of roots per explant (3.39, 3.35 and 3.40 roots/explants) in Coffea arabica cv 'Odayni', 'Burai' and 'Odayni-Bayat' respectively, (Table  2 and Fig. 2 E) . However, the highest number of roots per plantlet (3.44) was recorded with IBA (1.0 mgl -1 ) in the case of Benan cultivar. Further increase in the concentrations of NAA and IAA had no effects on the Table ( (Fig. 2 F) . The absence of callus at shoot base is an important observation because it can be excluded that auxin treatments were supplied in improper high supplements (Nerman et al., 2009 ).The obtained results are similar to the previous studies reported on many species by (Wamatu, 1990; Kahia and Owuor, 1990; Ganesh and Sreenath, 1997; Tiwari et al., 1999; khattab, 2011) .
Acclimatization
The success of any in vitro micropropagation protocol largely depends on the survival and growth performance of the propagated plantlets ex-vitro (Joshi and Dhar, 2003) . In the present study, the acclimation procedures applied was successful using the previously mentioned experimental conditions. Almost 90% of the regenerated plants of the four cultivars survived and showed vigorous growth ( Fig. 2 G and H 
